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Tlie    favorable  properties    possessed  iDy  the  metal 
'lurainum,    considered  electrically,   hsve    criised  a  {jreat 
detDand   for   it    in  electrical  v/ork.        It   is  nov.-   largely- 
used  in  the   r:anufr;cture   of  dynamos  and  r:iotors,    out 
its  greatest    field   seens   to  he   that    of  power   trans- 
mission whore   it    is  already   successfullj^   conpeting: 
with   copper. 

In   comparing  copper  and  aluminum,    tl^^e    follow- 
ing  facts   aro   of  interest : 

.' luminum  Copper 

Specific    Gravity  £.68  8.93 

?:elative  Specific   Gravity  1.00  '  3.33 

: onductivity  61  to  63  95  to   99 

(l.attheissen   3t-:ndard  Scale) 
Tensile   strength  ner   so.    in  Alunimum   20000  to   35)00  Ihs. 

''        "   CoT^T^er        2:000   to   65000      "■ 

It   has  heen  found  that    for    the    same   conductivity 
the  -.veight   of   .nay  ICOO   ft.    aluminun:  v/ire   is   Al'':    of  the 
weight   of  the   s- me   length   of  copper  "Ire.      r.ou.ghl37- 
stated  the  aluminum  v/ire  will  have   a   con-^uctivity  t\7ice 
as   great  as  that   of   cop'-er  v;ire ,   veight    for  weight. 

'Ithough   V^-Q  tensile   strength   of  aliiminiim   is 
less    than   that    of  co^^per,    '■til"    for  crhles   of   ^he    same 
conductivity   ^he   brealrinr-  load  of    the   aluminum  cable 
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is   greater  than  that    of  the  copper   cable.      It  has  been 
found  that   an  eluinimirn  v.'ire  vith  a  tensile    streng-th    of 
319 EO   lbs.   \7ill   require  the   sa^;e  breaking-  losd  as   a 
cop^^er  V7ire    of  51300   lbs.    tensile    strength,    both  vrires 
having  "^he   same   conc-uctivitj-.        T)ie   cost    of  reducin£- 
alujnintLm   from   its   ores  v/}:ich  at  one  tirne  v/as   so    pro- 
hibitive has  been  greatly  reduced   since    the   introduc- 
tion  of  the    'all      roccss.  The   above     irn-^ortant 
facts   to   ether  with    the   fact   that  aluminum  conductors 
heve  stood  practical   tests    on  the   longest    transrassion  line 
in  the  v;orld  insure    its   position  in  the  electricsl    field, 
"".ince  the    smount   of  data   on  aluninum  cables   is 
at   present   somev/hst    lir^ited  es"ecially  ss   regards  trans- 
mission line  v7ork,    the  7;'riter   thought   it  advisable   to 
select   for  a  thesis   the   follov7ing   subiect:        "if feet    of 
Tension   on  the   r  inear   Coefficient    of  expansion   of 
.' luminun   ^trandei  Cables.'' 

ince  T.lth  stranded  cables   it    is  desirable   to 
use   test   pieces   of  considerable    length  on  c-ccount   of 
irregularities   in  the    stranding,   a   500000  lb.    Piehlc 
''esting  l.achine  was   selected   for   t}e   test   as    it    allOT-ed 
a   cable   of  about  4  '    inches   effec^'ive  leiigth   to   be 
su^-^orted  betv/een  its    iav.'s. 
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the   hollow  pipe  plug  v/ere   nov:-  helc'.   in  -Dosition  around 
this   point  while   a  mixture    of  litharg^e  and  gljrcerine    of 
aljout    the   consistency  of  soft     ij-f^ty  v;as  moulded  into 
place,    as   shown  in  tie    illtistration,   an"-  allov;ed  to 
har'len.  ^n  top   of   ^Ye   litharge  Vv'ere   nov;  poiired  ti^.'o 

lajers   of  pure   -rsphaltum  snd  mineral  lac   resiiectivel:r. 
"his   junction  "roved  "very  rigid  mechanically  and   effec- 
tively/ held  back  the   v;ater  at   the  highest   teiji-nerature . 

"^he   accompanying  illustration  also    shors  the 
7/ater   jachet   in   its   final    state  -.vith  -.•■:■  ter    outlets  and  ; 

thermoraeters   in  ^^lace.      "'"  e   thermometers  v/ere  ?ela  in 
position  hy  perferated  corhs.-       The  u-^^er  end   of  the  "  ater 
jacket   "as    fitted  v.ith   a  pipe   cap  throiigh  v;'  ich  a  hole  "■as 
drilled  l;.rge   enough   to  allov;   -^he    c^ole  to   "oass   freely 
through  it. 

""ith  the   elastic   li...it  at  lECOO  IbS.    -oer   s    .    in. 
and  a   cable    section  of  aliout  ,458000   circular  mils,    it 
was   deemed  aivisrble   not   to   allow  t>e   tension  on  the 
cable   to  exceed  4w00  lbs.    in   order  to   avoid  undue    strain 
in  the   solder  lugs. 

■'ith  the    safe  load   thus   liiaited  betvreen  0  and 
about   4000   lbs.    the  range   of  riotion  on  the    scale   beam 
of  the   testing  machine   of  the    rider  B  A    j  was   very 
small. 
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This   sample  as   previously-  explained,   v;as   fitted  v/ith 
•wrter   jaclret  and    end  lugs.        A  circulating  punp,    v-ater 
hester  and  rubber  tubing  c^m^-ileted  the   circulating   sys- 
tem.       A   cathetoneter  stand  ;"ith   telescopes  v/i^s   erected 
on  the  bed  of  the  machine   to   observe   the  deflection. 
The    telescopes  were   focused  i^pon  the   edges   of  sharp 
red  lines   on  ■:■    small   pr.per   labels  p'-sted  near  the 
bottom  an"   top  lugs   of  the   cable. 

"''he   initial   test   length  of  the   cable   vras   de- 
termined by   focusing  the   telescopes  as  above   stated 
and  then  plr-cing  a   5    foot  "-ooden    engineer's  rule    in  this 
focus  and  subtracting  the    observed  readings.      The  average 
of  sever?  1   such   differences  was    taken  as  the    initial   test 
length. 

The   test  v/as  begun  b;/  raising   the   tera^ierature 
of  the    ji^ehet  -/-vater  to  'n   average    of  159.10°F8hr.    snd 
subjecting  the   cable  to  a   lo'-i   of  ICOO  lbs.      Telescope 
readings  were  nov;  taken.  "he   temperature   of  the 

jacket  vjater   v;as  nov/  lo^-cr'3d  by  approximately   5°    ste-^s 
and   cfter  each   change   of  temperature  telescope   readings 
trken,    the   tension  being  held  const-^nt   at   1000  lbs. 
The   test    -roceeden.    in  this  m.anner   doT.r.   to   s    temperature 
of  82  degrees. 
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"^he   above   test   u-s    reoeated  vjith  a   constant   tension 
of  2000   lbs.        Three    independent   30C0   lbs.    tests  v/ere 
made.      A   test  v/itha  constant   tension  of  500'    lbs.    was 
attempted.      Tl^e   c  ble   failed;      one   of  -he'  lugs  gave   out 
and  three    sjrrands  were  ru-  tured. 

"he   telescope    readings  v  ere   at    fi^st   t-=bulated 
in  teras   of  the  number   of  turns   of  themicrrneter   scre^? 
heed,    one   turn  of  the   screv/  head  desiPncting  a   cross 
hair  movement   of  0.208  m  m.        The   difference  betv;een 
upper  telescope   readings   and   the    differences  betv;een 
lower  telescope  readings  v;ere  now  c;  loul-^ted .      "hese 
two    differences  v;ere   f  en   subtr-ctad  to   obtain  the   total 
elongation   in    turns    of  ^thc  number  of  turns.      -The   results 
v-ere   reduced  to  nillincters.        dividing  each   of  these 
results  by  the   corresponding  dif:erence   in   average   tem- 
■oerature   gs.ve   the   elongation  T^er  degree   variation   of 
temperature.        This   result    divided  hy  the    initial   length 
of  cable  yielde'd  the   elongation  per  millimeter  ^er 
degree  variation  of  temper-ture    or   ^he    coefficient 
of  linear  ex-^ansion.        The   coefficients  v/ere  thus  cal- 
culated for    ^he   different   tests. 

-he   neces-it;-   fot  this   detcrmin-tion  7;ill  bf 
obvious   f-om   the    follov.lng   discussion. 


)e 
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'Then  "build.ing  a  transmission  line,    it   ic   desirable 
to  knov.-  -.-'at   maximum- variations   in   stress   due    to  variation^ 

in   tem;oerature  -.vill  trke  place    in  the   conductive. 
Assume   tlse    cable   to  be    stretched   aurinr  tl-e   sumi.-.er  at   an 
average   temperature   of  sry  80   decrees   F':hr.        Assume   th?;t 
the   lov/est  temperature  to  vjliich   the   cr  ble  v.ill  be   subjected 
during  the  v/inter  is    sa;r  2C°    Fahr.        The   cable  will   f-  sre- 
fore    suffer  a  ma5;imum  temperature   variation  of  gCP  F. 
"^'ith  no   tension  v;hj;:tever  in  the    conductor  the   contraction 
due  to   this  variation   in  tem-nerature   can  easily  be 
cfilculated-   from  a  Irnov-ledge    of   the    coefficient    of  linear 
expar.sion.        In  the   c^se   of  a   transmassion  line,    the 
cable   is   under  a  tension  to  begin  with.        The    decrease, 
in  tem-erature   causes  a   contraction  in  the   cable.      Tr.e 
contraction  causes  a   decrease   in  sag  and  therefore  a 
conseouent    increase   in   ter.sion.      '^he   csble  being  elastic 
this   increase   in  tension  v.lll  necessarily  C3use  an    • 
elon'htion.  (1'      "he    contraction  and  increase   in 

tension  may  be  considered  -s   the    direct   effects 'of  the 
temperature   variation;         (2]      Hie   increase    in  tension 
heing   further  t.i=hen  as  en  indo-endent  variable   erusing 
an   elor.gation. 

Under   (1)    the    >:ueotion  arises  as   to  the   effect 


of  the  increasing  tension  on  the  coefficient  of  linear 

ez^-  nsion. 

It  v;ill  he    seen  that  these   coefficients  vcr;- 
coneiderablj' .      The   generel  averages ho^vever  con-pp.re 
ravor?.hly  with   one    snother  and   so  also    do    several 
of  the   individual   determinations.        In  "o? s>sing  ur.on  the 
accuracy  of  these  values   it     must  he  borne   in  mind 
that    the  test   samples   ey-erimented  unon  offer  numerous 
openings   to   ex:;)erimental  error.      The    end  lugs  may  have 
'■dhered  une:ually  to  the  various    strands.      As  the   cable 

as  little  more   than   3   feet    in  length  it   is   doubtful   if 
^"he   Toercentsge  "difr'erence   in  length   of  the   difi'erent 
strands  betvreen  the    end  lugs  was   small  enough  to  be 
neglected.        The   paper  labels  being  T^.-sted  scross  a 
number  of  strands  may  also  have   slipped  somewhxt   on 
accoT'mt   of  ine^juslities   in  the' movement   of  the   strands. 
Other  L^uestions   of  i-:    simil- r  nature  as   to    -hysical  accur- 
::  cy  migh':  be   suggested.        hevertheless,    the    fact   remains 
thic.t   the    conditions  under  v.hich   the   tests  were  m"- de 
approyiiioted   closely  to   tlose    im.y^osed  upon  the   csble 
w';;en  used  in  transr.ission  line  work.        Any  variations   in 
the  ^ralues   of  the    coefficients  may  therefore  be   sefelj'' 
•'ttributed  to    e:<:perim.ental   error,    and  the  conclusion 
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dravm  that   the   linear  coefficient   of  eri^ansion  of  stranded 
eluminum  cable   is  inde-pendent   of  the   tension   so   Ion?  rs 
this   tension  rer.r;ins  ''d thin- the    clastic   limit   of  the   r.etal 

The   3aiov?led£'e    of  this    fact    allows   the   variations 
in    saps       due    to   temperature  changes   in  e    fiven   spree 
of  cable  to   be  more   easily  evaluated.      The.  writer  be- 
lieves that   with  the  rid  of  3   sirnple  curves   the    temper- 
ature  effect   can.be  determined  with   sufficient   accuracy 
for  all  practical   purposes.        These   curves   are   shown   in 
figs.    1,    2  and  3.      The   curve   shown  in   fig-.    1   is   ; 
tempers  ture   tension  curve   and  should  be   deterriined  ex- 
perimentally.     .To   do   this,   a   piece    of  cable  rsy  be 
prepared  and  mounted   in  a  testing-  machine    in  rn   ey.?ctly 
similar  manner  es   previously  outlined   in  the   test    for 
effect   of '  tension  on  tre   coefficient   of  expansion.      The 
test  will   differ   from   the   latter  only   in  that   the  . 
initial   length   of  the  cable   is  -iriaintained  constant   b:    the 
application   of  greater  tension   (assii,ming  the  temperature 
to   be  decreased).  The   data   obtained  will  when  -"Ir^tted 

in  the  form,  of  s    curve   show  graphic- llj^  the   effect   of 
temperature   on  the   tension.        Points   for   curve   shown 
in   fig. 2  may  be  c:  Iculr  ted   from  c   knowle'g-e    of   the 

coefficiency  of  linear   ex-sns"ion.      The    curve   in   fie:. 

the 
3  is   fam.iliEr   stress   strain   curve. 
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ne ving  obtained  tliBse  curves,  ^"heir  E-rlico- 
tion  to  transmission  line  c^'lculat ions  is  t.s  follows: 
Alon£-  the  oi-inr,te  a-is  of  curve  1  lay  off  the  rnaxinurn 
variFtion  in  tea;oGrs.ture  as  A-B.   From  this  the  conse- 
quent variation  in  te^ision  ng-  be  obtained  as  A'-B'  along 
the  X   axis.   Also  lay  off  the  temperature , variation 
along'  the  ordinate  axis  of  curve  2  as  B-C  snd  obtain 
the  variation  in  length  as  S'-C  along  the  ::  a?'is. 
How  ley  off  the  tension  variation  determined  from  curve 
1,  tlong  the  X  a:<is  of -curve  3  as  E-E  and  obtain  the 
variation  in  length  due  to  tension  as  D'-V'  along  the 
ordinate  sxis.   -e  now  have  the  variation  in  length 
due  to  temr^erature  ^hich  may  be  taken  as  positive  and 
the  variation  in  length  (negative^  due  to  tension. 
Subtracting  these  tvro  values  ^^e   obtain  the  resultant 
c-range  in  length.   Having  found  the  resultant  change 
in  length  of  the  crble,  the  variation  in  sags  m^y  be 
caleul':  ted. 


IKITlAl   LENGTH  OF   CABLE      996.95  m  m 
Constant  Tension  1000# 


Temp era rtue 
Ivumber  Time        Tpper  Tel.        lower   Tel.  T  1.      T2.  T3. 


1E9  1£8.3  160 

154  152.1  149.5 

141    •  140.5  138.0 

136  127.1  126 

120J.  114.3  114 

109  108  109 

102,5  102  102.4 

921  91.8        92.8 

■81.7  80.6        83.1 


1 

2:35 

5.374 

3.715 

r- 

2:48 

6.125 

5.925 

3 

3:05 

8.565 

6.802 

4 

3:17 

9.715 

7.438 

5 

3:33 

10.058 

7.530 

6 

3:42 

10.870 

7.470 

7 

3:59 

11.282 

7.251 

8 

4:20 

11.275 

7.300 

9 

4:44 

10.994 

7.394 

-I-   Continue:!. 


Diff.  ,of  Tel.    readings, 
llo.         Avg.    Temp.  Diff.    of  Tew^.        U^per  lower 


1 

159.1 

2 

151.86 

3 

139.83 

4 

129.70 

116.13 

6 

108. 65 

7 

102.3 

8  • 

92.23 

Q 

61.80 

7.24 
12.03 
10.13 
13.57 
7.47 
6.36 
10.07 
10 .  43 


0.751 

2.210 

2.440 

0.877 

1.150 

0.636 

0.343 

0.092 

0.81E 

1:0.060 

0.412 

D.219 

0.007 

0.049 

0.281 

0.094 

-I-     Contimxed. 


Total   Turns 
Ko.      Upper  ^lus  T.ov.'er 


long  in  Zlong  pr  Elon£-  pr 

rn  in  ie^ree   fahr.      decree  n  m 


Go 


1 

1.459 

2 

1.563 

5 

.514 

4 

.251 

5 

.752 

6 

.193 

7 

.042 

8 

.187 

0.3035 

.0419 

.00004 

0.3251 

.0270 

.0C0027 

".1069 

.0105 

.0000105 

0.0271 

.002 

.000002 

0.1554 

.0209 

.000021 

0.0401 

.0063 

.0000063 

0.0087 

.00086 

.00000086 

0.0389 

.0037 

.0000037 

Averae:e    Co. 0000126 
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TEESIOIT      3000#  Constant. 


Tem-ncrature 
i:o.         Time        Tnper  Tel.      Lov;er  Tel.        Tl .  T2.  T3. 


1 

5:04 

4.970 

-1.847 

83. 

8 

82 

83 

2 

5:25 

2.040 

-4.750 

114 

118.8 

121- 

3 

5:35 

1.352 

-6.173 

124. 

A 

127 

129.7 

4 

5:45 

0.248 

-6.958 

136 

137 

136.5 

5 

5:55 

minus 
0.647 

-8.040 

143 

144 

147 

6 

6:03 

minus 
1.188 

-9.313 

148 

149.5 

152 

7 

6:18 

2.526 

-10.920 

156 

158 

158.7 

-II-   Continued. 


Diff  of  '"el.    headings 
0.         -.vg.    Temp.  iff  of  Ten^.  ''^per  lov/er 


1 

82.93 

2 

117.93 

.     25.00 

'    2.930 

2.903 

3 

127.03 

.9.10 

0.688 

1.423 

4 

137.60 

10.57 

.1.104 

.785 

5 

144.66 

7.06 

.895 

1.082 

6 

149.83 

5.17   . 

.541 

1.273 

7 

ir.7.56 

7.73 

1.338 

1.607 

-II-   Contiriued. 


"^otal   Turns  Elong:   in  iriong  -pr  I'long  pr 

ITo.      Upt)er  plus  I.ov/er  m  m  de£Tee    fahr.    d^e^ree  in  m 

Go . 


1 

2 

0.027 

5 

0.735 

4 

.319 

.187 

6 

.732 

7 

.269 

0056 

.00022 

.0000002 

15288 

.0168 

.000016 

06  635 

.0062 

.00^0062 

03889 

.0055  . 

.0000055 

15225 

.0294 

.000029 

1262 

.0163 

.000016 

verage  Go. 

.0000125 
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TL7  3I01I  COESTAET        3000# 


Teinperature 
ITo.  Time        U   ner   Tel*        LoY;er  Tel.        Tl.  T2.  T3. 


1 

9:18 

4.958 

14.704 

155 

155.5 

159 

2 

9:23 

5.768 

15.070 

149.5 

147 

147 

3 

9:26 

5.423 

14.984 

141.5 

138.5 

140.5 

4 

9:35 

5.406 

14.986 

133 

129 

130 

5 

■  9:45 

•  6.683 

14.460 

124 

120.5 

120.5 

-Ill-   Continued. 


iifo.  Avg.    Temp.        Diff  of  Temp.      -iff.    of  Tel.    Readings. 

U^-^er  Lover 


1 

156.83 

2 

147.83 

9.00 

0.810 

0.366 

3 

140.16 

7.67 

.34£ 

0.086 

4 

130.66 

9.50 

.017 

0.002 

5 

121.66 

^  .00 

1.277 

0.526 

-Ill-  Continued. 


Total  Turns 
'0.   Unper  -oius  "  ower 


1  long  in  '^long  ir 
rn  m     degree  fahr. 


riong  pr 
degree  m  in 
Go. 


2 

3.444 

3 

0.259 

4 

0.015 

5 

0.249 

.09235      .010^5 
.05387      .0070 
.00312      .00033 
.0518       .0057 
/ verare  Co. 


.0000103 

.000C072 

.000003 

.0000057 

.00000655 


-IV- 

COESTAET   TEHSIOI  3000# 

Initial   I.enr-th   of  Cable      1003.3     m  m 


'^ernperature 
}]o.  Time       U   per  Tel.        "  ower  Tel.  Tl.  T2.  T3, 


4 

5 
6 
7 


7.929 

5.599 

76.2 

76.4 

75.5 

9.840 

7.758 

S8 

100 

99.5 

lo.iaa 

8.529 

113 . 3 

114.2 

115.2 

10.483 

10.019 

i;  £.5 

121.5 

122 

10 . 500 

11.228 

129  . 5 

130.5 

129.5 

104.50 

115.00 

135.5 

136.2 

135.5 

12.060 

12.322 

143.5 

144 

143.3 

12.733 

15.512 

152 

152 

151.5 

-IV-     Continued, 


No. 


vg.    Temp. 


:iff  of  Temp 


r.iffi    of  Tel.    Readings. 
Ur>-ner  Lower 


1 

7  603 

2 

99.16 

23.13 

3 

113.56 

14.40 

4 

122 

8.44 

5 

129.83 

7.83 

6 

135.73 

5.90 

7 

143.60 

7.87 

8 

151.83 

8.23 

1.911 
0.268 
0.375 
0.017 
0.050 
1.610 
0.673 


2.159 
0.771 
1.490 
1.209 

o:;272 

0.822 
1.190 


-IV- 


lontinucd. 


Tote.l   Turns 

U-or)er   -"lus  Lower 


l.long   in          Llong  pr  Elon£j  pr 

m  rn  degree   fslir.    -legree  rn  m 

Co. 


2 

0.248  . 

3 

0.5C3 

4 

1.115 

5 

1.192 

6 

0.222 

7 

0.788 

8 

0.517 

05158 

.oor,2 

.000002 

1046 

.00726 

.000007 

£320 

.0274 

.000027 

2479 

.0316 

.0000031 

0462 

.0078 

.0000077 

1639 

.02:8 

.0000207 

,1075 

.01306 

.000013 

i 

^.verage   0 . 

.00001548 

The   coefficient   of  expansion   for   solid 
alurniniun  a:    given  by  the      Fitts^oiirgh 
Reduction    '0. 

-  .0000231  -aer  0°.   =  .0000120  ver    ?o . 


Ko.  Time  "over  Hn^ier  T2.  T3. 


1 

r  .  374 

3.715 

2 

6.1S5 

5.925 

3 

ame 

8.565 

6.802 

Same 

Same 

4 

as 

9.715 

7  .'438 

ac 

as 

5 

for 

10.058 

7 .  530 

for 

for 

6 

-I- 

10.870 

7.470 

-I- 

-I- 

7 

11.282 

7.251 

8 

11.275 

7.300 

9 

13.994 

7.394 

rifference    of  Tel.Peadf-s 
.Yg.    ?emv,.      ::iff  of  '"em-o.        Upner  'oner. 


3.815 
1.545 
C.449 
0.238 
.  .136 


1 

159.10 

1-5- 

42.97 

4. 

.684 

2 

151.86 

£-6 

43 .  20 

4. 

.745 

3 

139.83 

3-7 

37.53 

2, 

.717 

4 

129. 7C 

4-8' 

37.47 

1, 

.560 

5 

116.13 

5-9 

34 .  33 

K^    , 

.936 

6 

in8.66 

7 

102.30 

8 

92.23 

9 

81.80 

Total   Turns  T-long   in  -Ion?   pr  Elong  vr 

IJo.        Uv;-oer  plus     Lower  rn  in  degree   falir.      degree  n:  m 


1 

0.769 

3.20 

3 

2.268 

4 

1.322 

5 

0.800 

6 

7 

0 

.160 

.0037  2 

.00000373 

.6656 

.0154 

-.0000154 

.4717 

.01256 

.0000126 

.27497 

.00733 

.00000732 

.1664 

.00484 

.0000048  5 

-verap:e   Co.  .0000087  8 


4i1 


1 

1 

^M 

H 

H 

u 

^M 

^^1 

■^ 


^^1 
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iaBBBiiBBMiaaaaaBBBBvaBBBaBBBBiaB  r 

:::::isi::::::u:un!suHf  :£" 

BamiaMBBaBBBBBaaBBEfllnMBBiBBe :. .. 


ttaiijaWWWWBlWH— IWBWBMBBBBBiBBBBaaBBBBWBBBBBBBaaaBBpwBM.  -«..Be->*-^"ta-'   ■>■■■.■■..... 

■BaaaiiBJiB— ■■■■■■  iBM—BBBBiialBiiiBagEaaaaaBaBaaBBBiBBBBiaaaaiaaB  B'-nnaiaaasBBai  .BBBBBiwacsBB'-  - 
iSBaBBBBaBaBBBaBBBflaaBBaBaaBBaiaaBailiaBiBBaaBBaBBBaBBBBaaaBBBaBaaMBir-BBBBBBBBaaar  jaaaaaaBBaaaa*.. 
iMmaBBSfiaaBBBaaaBaaBBBBBaBiBaBaBaaaaiBaaaaBBBaaaBaBaaBaaaEBBaBBBBBBMBBaBaBBBaaBBar  aBaaBBiBBaaBBvi 


■BBBBMBBBBIWaaaa 


aaBBaBaaaflaaa 


iBBBBiBBaaR8aaBBBBflaaaBaaaa«aaiaaaaHBaaiiaflBBBaBBHBBBiBBBaBBBBlfla8aiBaaBiBBBBBraBaiaBBBaaBBBaaBBtp 

SBBBBBaaBBBaBBBBCaBBBBBBaBaaaiBBaSBaBBaaBi&BBiaaaaBBBaaaaBBaaaaaBBBaaa  BaaaiaaaaB  aBaaaaaBaaaaBaaB* ' 
aaaaBBBBBBaBaaaaaaaB«aBaaaaBBBiBaBaaBaEaBalaBaBaaBaBaaaaaaaaB«BaaBBBff  aaaalaaaBB  iBBBaBBBBaaaaBBBah i 

tBBaaBaaaaaaBBaiaaaaaBPBBBaaflaBBaaBBBaiWBBaBaBBSBaBBaBBBaaBaaaaBaaaaBiBaaaaBaBBr  aBBaBaaaaaaBBaaBat 
■BnBBBaBBBBaBBBiaBaaaBBBBaaaaaiiaaBBnBBEBBBaBBBBBBaBBBBaBaaBaaBB  aaaiaaaaaRBBa'  .BaaBBBBBBaBBaaBaaK: 
laBnBBaaBBBBBaBaaaBBaBBaBBBmBBaaBBBBBBBBflBBBBSBaBBBBBaaaaBBBaBa  aiiiBBaaBBBBa  iBBBBaBBBBiaaBBBBaB.- 
iaaaflSBBBSaiBaaBBBBBBaBBflaBBBBBaaBaBBBaBBaaaBaaBBBBBBaBaBBBBBBBBa  BiaiBaaaaaBBr aBflBaiBaiBBBBBBBBBBt 

■aaBBKBaBBaaBBBaBaBBBBFBaaRBBiaBaBBaBaBaSBaaBaaBBBBaaaBaaBaaaBBiBB  aaaiBaaaBBBa  aaBBBiaBEaBBaaBaBBa. 
iBBBBBBBBaBaBBaaaBBaaaaaaBBBBaaBaBaBaiaBBBBBSBflaaaBaaBBaaBBBaBaaB  aaai bbbbbbb*  JBaaBaBaaBaaaBaaaaBa' 
»aBaaaaaaaBBaaaBBBaaBaBBBRBBBBBaaBaBaaBaBaaaiaBBaaBaBBaaBBBBBaBBB  aaaiaaaaaaar  aBnaaaBBaaaaaaBBBBBr 

laaaaasaaaBaaaaBBaaBBBBiBsaBiBBaBBaBBaBBiaaaBBBBaaBaBBBaBBBBBBsaB  aaBBBaaaaaa  laBaaaaaaiBaaBBaaaBBa' 
aflaBBaBBaaBBaBBBSBBBiaBBBBBBaBBBaaBaaaaaBBBaBaaaBaiiaBBBflBBBBB  BaB«RBBaaav  laBaBBBiRBBaBBBBBaai.:--' 

BBaaaBaBBBBBBaBaaBaaaaBBBBaBaaBaaaaaiRaaaaBaaBaBaaaaBaaBaaaBBa  BBaiBBfiBBar  aaBBBBBBBBBBBBBBBBaac-- 

BaBBBBBcaBaBBBaBaaaBBBaBiWBaBBBaBBBBaRaBBaaaBBBBaaaBBBaaaaBBBB   

:BiaaaaaiaBBaaaaB  a  aaaaaaiMiBBB  bbbbb  Baa  BBaaBBBBMiBiB  BBBBBBBBBa 

'aaBBBaaBBBBBBaaaaaiaaBMlBBBBBaaaBBBBaaar  ==== 

BB  BBB  anaa  a  a  bbbb  BBBaaaaBBa  BaaaBBBaBBBaaaai — 

BiaBBiBaBBBaaBBBaaBaBaaaBBaaaaBBaaiBBaaai 

Ksr 


faaaaaflaaai 

-.qiBBaaaaaai 

IMBBBI 


laBaaaBBBBaaBBaaBBaBi 


rUHSM 

BBeaaa^^^H 

RKMSSn 

laaaBaBBaiM 


BaaaaaaBBfli 


Hii  mamr  liiiilaBBBf  jif^wi— a  a  bbbbi  ar^a 

^'^=- -iBflBBBBBBaaaaBaMiaBBBaBBBBBBaBaJ 

rBaBBBBaBBBaBaBBNBaBBBBBBaaBBaai 
tBaavBBaaBaaBaaBMiaaBBaBBBBBBBBi 

taaaaa^BaBBaaaBBBBBaBBBBBBBBBBBBBI 

_jaBBaBBBBBaaBBaaaaaaBBaaBBaaBBaaBi 
waaa  bbbbbu*"'  ■>■"  ■■*■"■  aaaaaaaaBi 

Kaaa  BBBBBBBBBB  BBBB  a  BBBB  a  aaBaaBBBBI 

HUB  BBBBB  BBBBB  BaBRaaaaaaBaaaaBBBai 

■UBaaaBBBaBBBBBBBBaBBBBaaBflBBBBBB' 

aaBaBaaaaaBaBBaaaaBaBaaBavBaaaaaaa 
, „ . ^ BBBBB  BaaaaaaaaB  BBBB  aaagai 

BaBBaaaBBBBiaBaaBBBBaBBBBBBBBBBB«BBBBBBBaBBBBBB—aBBBBiBBBBBBaBBBBBBgBBiMBaaaBaaBBBBBBBBBB|ai 

BaaaBaBaBaaBaBBflBBBaBBaBaBBaaaaaBaaaBaBBaBaaaaBaaBaBaBBBaBaaaaaaBBaaaBaBBnaBBaaBaBBaBBaBaaaBBaBaaaaBaBBi 

BaBBaaaBBBBBaBBaBaBBBaBSBaBBBiBBaBaBBBBBBaBBBBBaBBBBaBBaBBaBaBaaBBBBBiEBBnBBBBBBBBBBBBBaBaaBaBBSBBBaBUI 

BB BBBBaBaaBBBBaaaBaBaaaBBBBaBaaaBBaBaBaBfl BBBB aBBBaaBBBaaaaBBBBBBBBBBafl BBBBB BBBBaaaaBaaaaaaBSBBBBBBBBBBBBI 


BBBB BBBBBaBBBa BBBBB ■aBaBBaaaaRBBBBBBBBBBBBBaaBBaiBBBaBaBBBBBBBBBBBBBB8BBaaBaaaBaBflB1 

aaBaiaaaBBaBBflaBBBaBaBBflaaaBaaaBBBaBBaBaaBBaaBaaiBaaaaaBBBBBBBaaBBBaaaBBBaBBBBBBBaBj 

-BBBBMBBBBBBB BBBBBaBaBaBaBBBaBBBBBaBaa BBBBB  BBBBI  BBBBB BflBBBaaBBBBaaaBBBBBBaaBBBBBaBI 
■aaSBaaBBaBBaaBBBaBaBBBaflaaaBaaBBBBBBBBBBB  BBBBI  BBBBB  BBBBB  BBBBB  BBBBaaBBBB  BBBBB  BBBBI 

■imBBaiaaBBBBBaaBBBaaaaaBBBBaBBiBBBBBBBBBBBBiBaBBaBBBBaaaBaBBaaBBBBBaaaBaaBaaaai 
■SfiaBBaBBi^M  BBBBB  BBaaBaaaaBaBaBBaBBBBBBaBBBBBBiBBaBBBflBaaaBBBaBaaaaaaaaBBBBBaBBaBi 
^™="^"^^EBBa8naBB«aana«BBBBBaBB3BBBaBBi  BBBBB BBBaaaBBBaBBaaaaBaaaBaBBBBr— 

■ ■ ■BBaaBBBBBBBBBBBBBaaaBaBBBaaBBBBBBBI 

I BBBBB BaBaaBBBBBBBBBBaBBBBBaaaBBBaBl 

I BaBBB8BBBaasBBaBaBaBBBBaaBBBBar~ — • 


•-■aiaBaaBBBflaBBaBBBaaaaBa 

4*«BiBBBBBBBBaBBBflBBBBBBB_ 

: »aaaaaBBaaBBBBaBBBBaBBaBi 
fBflBBBBiBBaBBaBBBBaaaaaBi 
.baaaBaBBBaBBBBBB*BaaBBBBi 

— TBaaaBBBBBBaBBBBaBaai 

-  -T^vaflBBSBaBBaBaaBBBBi 
■IB  BBBBBB  BBaaaaaaasi 
-  =9BBBaBaBaBaaBaBBBBi 
tiBBBBBaaaBRaBaBaaBi 
--BBV!iBaeBBBaaaB{Bi 


BaBBBBBBaBaBBaBBBBaeBBBBBBBBBBaaBBB 


.  »BBBaaaBBaaaBa3aBBBBa-.BaBaBaBaaBaeai 

BB^BSB5SiB^ni^B^SMaBBBBBa8BaaaBBBBBBBBBflMBaaaBBaBBBBBai 

■■■^SSSSSaTSSSS^^BSBiBBaBBaBBBBBBBBaBaBBaarflBBaBBBBaBa  BBBBI 
aaSfc^BSB  a  jcyim  w^kaamkmSSSm  BBBBBBBBBaaBBBB  BarBaBBBBaBnaa  bbbbi 


aBaBBBBaaBaaBBaBBBBBBaaaBa'.aBr 

BaBBBaBBBBBBBBBaBBBBBBaBa''Ba*^ 
flBBBaaaaaBBBBBBBBflBBIBBBrBaBlr 

aaBBaBaaBBaBBBBBBBaBaBajr^iBBi  - 

■BBBaBBaBBBaBaaaaBBBaavjBiBBB-i. 

.aaBBBBBSBBBBBBBaaaaBav.^aB8a«v 

[BBBaaBaaBSBaaBaBaBaaB'<«aaBaB«n 

taBBaBaB8aBas»BsaaeBB'.B«BBaBB«v 

BBBBaBBaaaaBaSBBRSBBBBBBrnBtBBBjM* 
a  BBBBBBBaaaaarBBBBr^l  BBBBB  BBBBB 

iBBaBaBCBB«BBvi.aBar,diaBaaBBaBaii 

taBBaaaBBBBNaauiaaVifBaaaBiiiBBBsx 

iBBBBBBBBBaBamaa-^BaBaBBa- •'■■■- 

laaBaaBmBBBBBBBt-BaBBBBBOr'" 

iBBBBBaaaBBBBBrjaBBBaaBa. 
iBaBBaaaBBBBBraBaBBBaaaa  ■- 
iBBBBaaBBaaa»:«aaaaflHaaK 

^aBBBBBBBaa^BBBaBBBBBBBsf 

■UHBBBBBBBBBB'.aBBaaflBaBBaBBBavvnBriaaaai 

tBaBBaaaBrBaBBaBBBaBaBBBaBBBaiaaaaBi 

laaBBBBBV  aBBBBaaaaaBBBBaBaBBBBBBBBBI 
laSBBaar  J  BBaBBBBBBBBBBBBBBBaSBaBBaal 

laaBBRB^iiaaaaaaaaBBBBBBBBaiaBaaRBaai 

•iBaBa-^aiBBBBBBaaaBBaBaaBBBBBBMBr-— 
laaa'/BBaBBBaaaaEBBBaaBBaB&BBmg 
iBa'.aBBiaaBBaBB8aBaaaaBaaaBBar~^ 
iBraBaaaaBaBaaaBaBBBBBBBBBBBB 
ir  aBaBBBBBBBaaaBaaaaBBBaa  bbbb 

■jaBBBBaaBBanBBBBBBBBBBaBBBa 
^BBaaBBiaaBBfiBBBBBBBBBBBBaBBB 

aBBBBBaaaBaaaaBBBBBBBBBaBaaBB 

BBB  BB  a  BBBB  BBaBBBBBBB  BBBBB  BBBB] 
BBBBB  BBB  BBBBSbB  BBBB  BBBBB B  BBBBI 
aaaa  BBBB  BBBBBBBBBaSBBBBaa  BBBBI 
aBBBBaaaBBBBBBaBBBaa  BBBBB  BBBBI 

BBBBBBaaaa BBBBBBBBBaaBBBB  BBBBI 

BBBBB BBBBBBBBBB BBB BBBBBaaaaSBBBVaai 
aBBaBBaBBBBaaBiaBB BBBBB BB BBBBBaBBBa 

■aaBaBaaaBBBaaBBBBBBBBflaBBBaaaBaBai 

aBBBBBBIBBBBBBBBBBaflBBBaB BBBBBBaaaa 

aBBBaaBBaaaaaaaaBBaaBBBBBBBBBaaaBai 

BaBBBaaBBBaBBaBaaBBaBBBBBBaBaBBBBBI 

BBaBaaBaBBBBBBaBBBaBBBBBBaBBBaBBBBI 

BaaBBBaaBBBBaiiBBaBBaBaaaBBBBBBaBBi 

■  BBBB  BJUf  BBS  BBBBBBBBBBBflBaBBBBBBBBBa 
BBaaaaBattBBBBBBBBBBBBBaBBaBaBaBBBBl 

BBBBBBa*  'laBaBBBUBBBBa  BW  ■•  BBaBBBBI 

BB  BBB  BBiaaaBBii  Bbbbb  BBaaaaBBaBBBBi 
BaflBBBaBaaaaBBBEBaBBaBBeBBBBBBBBBmi 

BaaaBaBaBBBBBBaBBBBaBBBBaBBBBaBBBBI 
BBBBBBBaaaBBBBBBBBBBBBBaaaUBaBBBBI 

SaBBaSBSaBBflBBBaaaBBaBBBaaBBBaBHiu 
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